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(54) CnOCOB HEMHBA3MBHOrO OnPEflEJIEHMfl KOHI4EHTPAI4MH miOK03bl 


(57) PecJjepaT: 

H3o6peTeHMe othocmtca k o6nacTM 
MeA^UMHbi, a MMeHHo k HeMHBasMBHONiy 

MOHMTOpMHry KOHL^eHTpai^MM mK)K03bl B KpOBM 

MenoBeKa. OnpeAe/i«K)T KOHi^BHrpai^HK) rnK>K03bi 

B KpOBM C nOMOLLJbK) k!3Mepi1TeXlbHOrO 

. ycTpoftcTBa, npn stom npoBOA*T HBnpepbiBHbifl 

MOHMTOpMHr KOHL^eHTpaL\HM mK3K03bl B KpOBH 

nyTeM M3wepeHHH b o6nacTM noBepXHOCTHbix 
BeH ronoBbi Tennosboc noTOKOB abtmmkom 
M3Mepn7enbHoro ycrrpoMCTBa, a KOHLjeHTpaijMK) 
rnK>K03bi (Xg*) onpeAexiHioT no (fcopMyna 
X g =Xi*+X 2 *, r fl e X^= W m (s)X T *, 
X 2 *=K n W m (s)Xn* > tab Xt* - 6e3pa3MepHOB 
OTKnoHeHne TeMnepaiypw ot ycTaHOBMBLueroca 
3HaMeHnq, X n* - 6e3pa3MepHoe OTKnoHeHna 
Ten/ioBoro noTora ot ycTaHOBUBtuerocfl 


3HaMeHMfl, W Tn (s)=1/(T T ns+1) - nepeAaTOMHan 
cpyHKuyin koh i^e Krpa 14 n m rnK>K03bi b kdobm no 
TewinepaTypB m Tenjiosowiy noTOKy, T-m - 
SKcnepuMBHTanbHO onpBAanaeMaa nocroflHHan 
BpeMBHH nepexoAHoro npouecca, Kn 
SKcnepMMeHTanbHO onpeAe/iHeMbifl 
6e3pa3MepHbiii K03<ixt>Mt4MeHT, s=d/dt - onepaiop 
AMc^cjDepeHLiMpoBaHUfl. B KanecTBe astmukob 
TBMnepaTypbi ncnonb3y»oT Z - TepMMCTopbi, 
KOTopbie npn)KMMaK)T k noBepxHocTii ronoBbi c 
noMombK) ynpyroro 3/ieMeHra n M3onnpyibT ot 

BHeiUHBfi CpOAW Ten/lOBOfl M30nHLlMBfl, a 

cMmann3aL^MK) o KOHi^BHTpai^nvi rniOK03bi 
ocymecTBn«K)T c noMombio TOHanbHoro cumana 
w Ancrinen. Cnoco6 o6ecn©MHBa6T noBbiiueHMe 
tomhoctm onpeAeneHMfl koh L^eHTpa l^m n rn»oK03bt 

B KpOBM. KpOMB TOTO, OH npOCT B MCnOHHeHMM. 

2 3.n. (J^nbi, 2 mji., 2 Ta6n. 
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(54) METHOD FOR DETERMINING GLUCOSE CONCENTRATION IN NONINVASIVE WAY 


(57) Abstract: 

FIELD: medicine. SUBSTANCE: method 
involves determining blood glucose 
concentration by means of measuring 
instrument. Continuous blood glucose 
concentration monitoring is earned out by 
measuring heat flows in the area of head 
superficial veins by means of measuring 

instrument transducer. Glucose concentration 
((X9)) is calculated from a formula X£ = XT+xi, 
where XT = W^Xf, xi = K hf W Thf (s)XSf, ( 
where Xf - the dimensionless temperature 
from steady state value, Xtf - the 
dimensionless heat flow deviation from 


steady state value, W Th f(s) = 1/(T TM x S+1) is 
the transition function of blood glucose 
concentration with respect to temperature 
and heat flow, T Th f is the experimentally 
stated transient process time constant K hf is 
the experimentally stated dimensionless 
coefficient, s = d/dt is the differentiation 
operator. Z- thermistors are used as 
temperature pickups pressed against head 
surface by means of elastic member and 
insulated from ambient space by means of 
heat insulation members. Glucose 
concentration information is represented by 
means of tonal signal and display unit. 
EFFECT: enhanced accuracy of measurements. 3 
cl,2dwg,2tbl 
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H3o6pQTeHM9 OTHOCMTCfl K 06naCTM 
MeAMLlHHbl, a MMGHHO K H eMH B3 3M B HO My 
MOHMTOpUHPy K0HI^6HTpa LJMM J71IOK03W B KDOBM. 

B HacTonu^ee bdomh c ijenwo AMarHOCTViKM 
caxapHoro pyiafeia onpenenn\oi KOHL(eHTpaL(MK) 
rntOK03W b KpOBM MenoBeKa nn6o nyTeM 
npoBe^eHMR 6 w ox m m unecxoro aHanM3a 
HeKOToporo KonwMecTBa B3«Tofl y nat^eHTa 
KpoBM b ycnoBMHx KnuHMMecKoft na6opaTopnM, 
jim6o c noMoujwo npn6opa rntOKOMeTpa, 
cHa6»eHHoro HyBCTBMTenbHOM' k rni0K03e kdobm 
TecT-nonocKofl c noMemeHHOM" Ha Hefl Kannefl 
kdobm naLjueHTa (MHBa3MBHWM" mbtoa) (Jl.r. 
Ma30Bei4KMfi ( B.K. BenMKOB. CaxapHWM Ana6eT, 
M.: MeA^MHa, 1987). Ha ochobbhhm 
pesyribTaTOB onpeaeneHM* KOHLjeHTpaLjMM 

mtOK03bl B KDOBM ynOMHHyTbtM MGTOflOM 

AMamocTMpyioT caxapHWM" r\v\aber. 

3TOT MeTOfl OCHOBaH Ha HeOOXOAMMOCTM 

3a6opa kdobm y nai^MeHTa. 

M3BecreH cnoco6 H6MHBa3MBHoro 
onpefleneHM« rnioK03bi b MacTnx MenoBeMecKOK) 
Tena (naTenr CLUA 5.795.305 ot 18.08.98 US 
Class 60/549; 600/316). Cnoco6 OCHOBaH Ha 
onpeAeneHMM c noMou^bto M3MepMTenbHoro 
ycTpoMCTBa TeMnepaTypw m TeanoMa/iyMeHMfl 
MenoBesecKoro Tena (na noBepxHOCTM m b 
nonocTflx Tena) m HanMMMM KoppenflijMM MewAy 
KOHi^eHTpai^MeW rniOKOSbi b kdobm m 
TeMnepaTypofl Tena. Coot BeTCTB ytOLLjM m 
anropMTM no3Bon«eT . npeo6pa30BaTb A^HHbie, 
nonyMeHHbie npM M3MepeHMM TeMnepaTypw, b 
3HaneHMp KOHL^eHTpai^MM rnioK03bi b MacTnx 
MenoBenecKoro Tena m b kdobm. 

HeAocTaTKOM aToro cnocoSa RBnneTcn 
HeflocTOBepHocTb onpeAeneHMH TeKyi^eM 
KOHt^eHTpai^MM mK)K03bi b kdobm MenoBeKa. B 
nepByio OMepeAb, sto CBH3aHO c 
McnonbsoBaHMeM qbeHOMeHononmecKM He 
ooocHOBaHHoro anropMTMa cba3m AMHaMMMecKMX 
napawieTpoB M3MepeHM« - TeMnepaTypw, 
TennoMsn/HeHMn m koh i^eHTpai^M m rnK)K03bi, 
ocHOBaHHoro Ha ycTaHOBneHMM Koppen«i4MOHHbix 
3a bmcm moctgv^ nepeMeHHbix na 6a3e nMHeflnoro 
perpeccMOHHoro aHanM3a. 3tot anropMTM He 
onMpaeTC« Ha MaTeMaTMHecKyK) MOAenb 
yrneBOAHoro o6Mena, He ynMTWBaeT BnM«HMH 

MHAMBMAyanbHbDC (^aKTODOB Ha MSMeHeHMR 

TeMnepaTypw. AnropMTM cBfl3WBaeT TonbKO 
TeKymyio KOHt^eHTpai^Mio rn»OK03W b kdobm c 
TeKyi^e^ TeMnepaTypoM m He no3BonneT 
ocymecTBnaTb ynpe>KAaiOLnyK) CMrHanM3ai^MK) 06 
onacHbix KOHqempaiiMflx rnioKosw b kdosm. 
KpoMe Toro, b yKa3aHHOM cnoco6e m anropMTMe 
BbiMMcneHMM He M3MepneTC« m He Mcnonb3yeTca 
KOHAyKTMBHbiM noTox Tenna ot Tena MenoBeKa. 

HaMoonee 6nM3KMM ananoroM (npoTOTMnoM) 
ABnaeTCfl cnoco6 HeMHBa3MBHoro M3MepeHMH 

KOHL^eHTpai^MM miOK03W B KDOBM, 

npeAycMaTpMBaiotuMfi o6nyneHMe KpoBeHocHbix 
cocyAOB KonnMMMpoBaHHbiM M3nyneHMeM 
nonynpoBOAHMKOBoro na3epa, b kotodom 
penicTpM py k>t nornomeHHoe, pacceflHHoe m 
An4xJjy3M0HH0 OTpa^eHHoe kdobwo M3nyMeHMe 

M3MepMTenbHbtM yCTpofiCTBOM, BlUltOMaiOLLlHM 

6noK MHTerpaqMM, AeTeiaop, noAKniOMeHHbiM' k 
aHanoro-i^M(})poBOMy npeo6pa30BaTenK>, 
AMcnneft m AP- (RU 2122208 C1, icn. G 01 N 
33/49, A 61 B 5/00, n.20.11.98). 

MsBecTHbitf cnoco6-npoTOTMn no3BonaeT 
ocymecTBnHTb HeMHBa3MBHoe M3MepeHMe 

KOHl^eHTpai^MM mK)K03bl B KDOBM, MTO «Bn«6TCfl 
HeCOMH6HHblM AOCTOMHCTBOM, HO MM60T pHQ 

HeAocTaTKOB: 

1) OTnMMaeTCfl CnOWHOCTWO KOHCTpyKiyiM 


Mcnonb3yeMoro ycTpoMCTBa m cjtojkhoctwo ero 

npMMeHGHMR; 

2) He no3Bon«eT AocTMMb menaeMoA 

TOMHOCTM npM M3MepeHMM KOHLfeHTpai^MM 

rnioK03bi b kdobm; 
5 3) He no3BonfleT ocymecTBnflTb 

ynpe>KAaK)iAyK) cMmanM3aLtMJO o5 onacHbix 
HapyujeHM«x yrneBOAHoro o6MeHa - noporosbix 

nOBbllljeHMM MHM nOHM)KeHMM KOHL\e HT pa L^M M 

rmoKosbt b kdobm; 
10 4) He no3Bon*eT ocymecTBnflTb 

HenpepblBHblR MOHMTOpMHr KOHL^eHTpai^MM 
mK)K03W B KDOBM. 

3aAaMei% npeAnaraeMoro M3o6peTeHM« 
«BnneTC« co3flaHne hbm h Ba3M b hoto cnoco6a 
onpeAeneHMfl KOHL{eHTpai4MM rnK)K03bi b kdobm, 

15 KOTOpblfl n03B0nfl6T nOBblCMTb TOMHOCTb 

onpeAeneHMfl, ocyiAecTBnnTb HenpepbiBHbift 

MOHMTOpMHr KOHL(eHTpaL(MM mtOK03bl B KpOBM, 

ocyiAecTBnwTb ynpe>KAa»ou^yK) CMmanM3ai4MK> 06 
onacHbix HapyiueHMflx yrneBOAHoro o6MeHa - 
noporoBbix noBbiiueHMM wnw .noHMweHMM 
20 KOHi^eHTpai^MM rnK)K03bi b kdobm, m 6yA6T 

OTfTMMaTbCfl nDOCTOTOM M HdAeOKHOCTblO . 

PeiueHMe nocraBneHHo^ 3aAaMM AocTMraeTcn 
npeAnaraeMbiM cnocoboM H6MHBa3MBHoro 
onpeAeneHMn KOHLfeHTpai^MM rniOK03bi b kdobm, 
BKnK)MaK)LAMM Mcnonb30BaHMe M3MepMTenbHoro 
25 yCTDOMCTBa, B KOTOpOM nDOBOA«T HenpepbiBHbiv^ 
MOHMTOpMHr KOHL^eHTpaL^MM mtOK03bl B KDOBM 

nyTeM M3MepeHMfl b o6nacTM noBepxHocTHbix 
BeH ronoBbi TeMnepaTypbi Tena m KOHAyKTMBHbix 
TennoBbix noTOKOB c noMou^bK) astmmkob 

jQ M3MepMTenbHOrO yCTDOMCTBa, a KOHL4eHTpaL(MK> 

mtOKOSbi (X*g) onpeAenaiOT no cJwpMyne: 

r ft e x^^WrrisJXV X* 2 =KnW T n(s)X* n , 
rfle X*j - 6e3pa3MepHoe OTKnoHeHMe 
TeMnepaTypw ot ycTaHOBMBiuerocn 3HaHeHMn, 
35 X*n - 6espa3MepHoe OTKnoHeHMe TennoBoro 
noTOKa ot ycTaHOBMBiuerocfl 3HaneHMfl, 

Wrn(s)=1/(T T ns+1) - nepeAaTOHHan c^yHKi^Mfl 
KOHi4eHTpaL;MM rnK3K03w b kdobm no TeMnepaType 
m TennoBOMy noTOKy, 
40 Kn - 3KcnepMMeHTanbH0 onpeAenneMbiM 

6e3pa3MepHblM K030>C|DMl^MeHT, 

s=d/dt - onepaTop AMcJxJ>epeHi4MpoBaHMfl, 
Tyn - 3KcnepMMeHTa/ibHO onpeAen«eMa« 
nocTOAHHafl BpeMeHM nepexoAHoro npoi^ecca. 
B KanecTBe asthmkob TeMnepaTypw 

45 MCnonb3yK)T Z-TepMMCTOpW, KOTOpWe C|)MKCMpyiOT 

Ha noBepxHOCTM ronoBW c noMOiAWO ynpyroro 
sneMeHTa m M3onMpyioT ot BHeiuHeM cdoaw 
TennoBOki M3on«i4Me«. 

CMmanM3ai4MK) 6 KOHi^eHTpai^M m rn»OK03W 

qq ocymecTBnwiOT c noMomwo TOHanbHoro CMmana 
m Ancnnea. -. 

ripe Ana raeMbiM cnoco6 6bin pa3pa6oTan Ha 
ocHOBe TeopeTMMecKMx m sKcnepMMeHTanbHbix 
MccneAOBaHMft npouecca 6MOXMMMHecKoro 
npeBpau^eHMfl rniOK03W b kdobm MenoBera c 

$5 noMOinbio M3MepeHMM TeMnepaTypw m Tennoewx 
noTOKOB B6nM3M ronoBHoro M03ra b o6nacTM 
noBepxHocTHbix BeH ronoBW, to ecTb b o6nacTRX 
MaKCM ManbHO npn6jiM*<eHHbix k 

SHepreTMsecKOMy McrosHMKy MHTeHCMBHoro 
6m oxm MMHecKoro npeBpau^eHMH rntoKosbi - 

BO ronoBHOMy M03ry, B ocHOBy 3tmx MccneAOBaHMM 
6btnM nono>KeHW M3BecTHbie 

(J>eHOMeHonorMMecKMe npeAcraBneHMn 06 
onpeAenflraLneM ponM L^eHTpanbHOM HepBHOM 
CMcreMW b o6ecneMMBaK>iAeM Heo6xoAMMbiM* 
ypoBeHb aKTMBHOCTM o6MeHHbix npouieccoB 
ynpaBneHMM MeTa6onM3MOM KneTOMHbix 


ofoeMOB ; BHyipeHHHx opraHOB Tena 
nocpeflCTBOM perynMpoBaHM* MmeHCMBHocTM 
mioK03Horo o6MeHa m TeMnepaTypbi npoTeKaHM* 
6noxnMMMecKMx npeBpameHMM" mioK03bi b 
opraHM3Me MenoBeica m, b MacTHOCTM, b ero 
ronoBHOM Moary (r.YnbMep, O.Ba/ibAeK, OXapT, 
T.TeBC. <&M3Monoroa MenoseKa. - M.: Mnp t 
1986 § t.4, 312 c). Cbasm stmx npoi^eccoB 

MOJKHO npeflCTaBMTb B BMflO (|3yHKl^MOHanbHOPi 

cxeMbt (cm. 4)Mr.1). ripn stom npeAnonaramocb, 
mto 3aflaHHoe ijempanbHOM HepBHofi CMCTeMoit 
3HaMeHwe KOHqeHTpaLjMM rnK>K03bi b kdobh 
ycTanasnMBaeTCR no OKOHHaHUM cBoPicTBeHHoro 
6ojibLUHHCTBy AMHaMMMecKnx x a pa «Tepn CTMK 
opraHM3Ma MenoBBKa anepMOflimecKoro 
nepexoAHoro npoijecca (MD.r.AHTOMOHOB, 
C. M . Ke4>opeHKo, HAMmcynbCKan, 
HK.riapoKOHHafl. MaTeMaTMMecKa* reopvm 
CMCTeMbi caxapa kpobm. - KneB: HayKOBa AyMKa, 
1971, rn. 2, 3neMeHTbi Teopwn, c. 15-26. ). 
ripn npoBefleHHM MccneflOBaHUM npMMeneHa 
KOMnbioTepHan o6pa6oTKa nonyqaeMbix 
3KcnepnMeHTa/ibHbix flaHHbix a^r Haxo)KfleHHfl 
B3anMOCBH3M TaKHx napaMeTpoB npoqecca, iok 
3HaH8Hnn TBMnepaTypbi, TennoBoro noTOKa, mx 
npon3BPAHbix m BpewieHHoro cMeineHM* 
AHHaMMMecKiix 3HaMeHnw TeMnepaTypbi u 

KOHl^eHTpai^lM miOK03bl B KpOBW npM 

nepexoAHbw npoqeccax. 

ripMHI^MnMaJIbHblM pe3ynbraTOM 
npOBeABHHblX MCCneAOBaHMp*. flBn«©TCH 

oSHapyweHMe <J>yma4MOHa/ibHoB cbh3m 

KOHl^eHTpaLtMH m»OK03bl B KpOBM G c 

TeMnepaTypofi T, TewioBbiM noTOKOM F npn 
BbipameHHOM npoflBJieHMM npuHL^nna 
ynpe>KAaioiijero ynpaeneHMfl, pe3yxibTaTOM 
KDToporo flB/ifleTcn onepewaiomee M3MeHeHne 
TepMMMecKMX napaMeTpoB npn 

COOTBeTCTByiOlHeM M3MeHeHMM ypOBH« 
KOHLjeHTpai4W4 r/lK)K03bl B KpOBM: 

C5(t) = HTr(t-T),F(ti)), 

tab t- BpeMn onepeweHMH. Ha ochobb 
3KcnepMMeHTa/ibHoro o6cnefloB aH m h naLtneHTOB 
ycTanoB/ieHO, mto BennsnHa T cocTaBnaeT 
nopf^Ka 10-30 MMHyrr n sto 03HaMaeT, hto 
npeAJiaraeMbiw cnoco6 no3Bon«eT c BpeMeHHbiM 
onepeweHMBM 10-30 MMHyT npomo3MpoBaTb 

M3MeHeHMB KOH I^G HTpa I^M M mtOK03bl B KpOBH H 

cnma/iM3iipoBaTb o npn6nn>KeHMM onacHbix 
COCTOflHMfi m»OK03Horo o6iweHa. 

Bbino ycTaHOBfiBHo, wto M3MepeHMe 
TepMMHecKMX napaMeTpoB b o6nacTM rbnosHoro 
M03ra (b o6nac™ noBepxHocTHbix bbh ronoBbi) b 

OTnMHMB OT M3MepCHMM B APyrHX 43CTHX 

MenoBenecKoro Tena AaeT 6onee AocTOBepHyro 

MH4>OpMai4MK), TaK KaK npM 3TOM yCTpaHWBTCfl 

AononHMTenbHos Bnn«Hne Ha pesynbtaTbi 
H3MepeHMw cno)KHbix 6noxMMMHecKnx npoLjeccoB 
npeo6pa30BaHMM oenKOB m mhpob. 

B pe3ynbTaTe npMMeHeHUfi cnoco6a 6bino 
o6HapyxceHo BnnflHMe Ha M3Mep«eMbis 
TepMHMecwie napaweTpw HeKOTopbix 

HHAMBMAya/lbHblX C^aKTOpOB (o6ll\Hft TOHyC 

opraHM3Ma nai^weHTa,' ncuxo/iornMecKoe m 
4>M3WHecKoe HanpjweHHB, Hanp«?KeHHbiM 

MblC/1MT6HbHbIM npoqBCC, Hanp»K6HHOCTb 
C/iyXOBbOC M 3pMTejlbHbDC LJ^BHTpOB npH 
MHTBHCMBHOM BOCnpM«TMM M HcfjopM aL(H H H T.n.). 

Ann yMGTa noA66Hwx 0aiaopbB npn bwhhchbhum 
KOHi4eHTpai4nn rnioK03bi kpobh npoBOAnnacb 
npeABapwTejibHan nepcoHanbHafl Kann6pOBica 
ycTpoMCTBa Afi« KOHKpeTHoro nai^neHTa c Lie/ibfo 
ycTaHOBneHHfl cooTBeTCTByraiUMX nocroflHHbix 
a/iropHTMa, yMMTbiBaramux m ham b m Ay an bHoe 
BnnflHMB yxa3aHHbix (|)aiaopOB Ha pe3ynbTaTbi 


onpeAejieHiifl KOHi^eHTpai4nn rnioK03bi b kpobh. 

Ann AocTOBepHoro npeo6pa30BaHMa 
MSMepeHHwx Be/iMMMH TewnepaTypw m TennoBoro 

nOTOKa B 3HaMeHM« KOHL;eHTpaL(MM mK)K03b) 

kpobm MexiOBeKa pa3pa6oiaH cjsyHia^MOHajibHbiPi 
anropwTM G= ^(T, F, Wj), nocTpoeHHwfl Ha 

OCHOBB CfryHKHHOHa/lbHblX CBfl36pj, 

onpeAe/iflBMbix b ps3ynbTaT© peiueHMfl chctbmw 
An4x|)epeHi4wanbHbix ypaBHeHH^, onMCbiBaiou^ix 
AMHaMMKy paccMaTpn BasMoro npoLjecca c 

10 yMBTOM MHAMBMAyanbHbK ^KTODOB (Wj), 
BflMflHUQ KOTOpbDC OnpeABHAJOT Ha OCHOBO 
riBpCOHartbHOH Kann6pOBKM CHCTBMbl M3MepeHH« 

Ana KOHKpeTHoro naL|H6HTa c wcnonb30BaHMeM 

HHBa3MBHblX MeTOADB M npHOODOB, npOBOAMMOil 

c 146/ibio onpBAenBHMfl 3aBHCMMocTeR. ot 
IS BpeMeHM TeMnepaTypw, TennoBoro noTOKa n 

KOHL^eHTpai^MM mK>K03bl B KDOBH, Heo6xOAMMblX 

Ann nocTpoeHMfl 4>yHKi4MOHanbHoro a/iropHTMa. 

CMCTeMa AM^epeHi^nanbHbix ypaBHeHMft 
AMHaMHKM npoi^BccoB M3MeH6HHfl TBMnepaTypbi, 
TennoBoro noTOKa h KOHt^eHTpa ljm h rnioKb3bi 
kdobm b o6meM BHfle MoweT 6biTb npeACTaBneHa 
KaK 

X*g=X* 1 +X* 2 , 

rAe X* 1 =W Tn (s)X* T , 
X* 2 =KnW T n(s)X-n, 
25 X* g = AXg/Xgo - 6e3pa3MepHoe OTicnbHeHMe 

KOHUeHTpaL4MM mK)K03bl B KpOBM OT 

ycTaHOBMBmerocn 3HaMeHnn, 

X* T = aXt/Xjq - 663pa3MepHoe OTKnoHeHM© 
TeMnepaTypw ot ycTaHOBMBuieroc« 3HaneHMfl, 
30 **n = AXn/Xno - 6e3pa3MepHoe oTtcnoHeHne 
TennoBoro noTOKa ot ycTaHOBMBiuerocn 

3HaHeHH«, 

Xgo. X T0> Xno - ycraHOBMBiUMBcn 3HaneHnn 

COOTBBTCTBBHHO KOHL(eHTpaL|MH mK)K03bl KDOBM, 

TeMnepaTypbi m TennoBoro noTOKa Tena: 
35 AXg=Xg-Xg 0 , aXt=X t -X T0 , AXn=Xn-Xno, 

Xg, X T , X n - TeKyii^MB SHaneHMfl 
KOHL^eHTpauMH mfOK03bi b KpoBM, TeMnepaTypbi m 
TennoBoro noTOKa, 

W T n(s)=1/(TTTis+1) - nepeAaTOMHafl c^yHKi^Mfl 
40 KOHi^eHTpaLiMM rnfOK03bi b kpobm no TeMnepaType 
m TennoBOMy noTOKy, 

Kn - 3KcnepHMeHTanbH0 onpeAenneMbiM 
6e3pasMepHbiM Koacfx^ML^MeHT, 

s=d/dt - onepaTop AnctxfcepeHLjiipoBaHMfl, 

T Tn - 3KcnepM MeHTanbHO onpeAermeMa* 
nocTOAHHan BpeMBHM nepexoAHoro npoi^ecca. > 

ripeAno^eHHbiM cnocoS noATBep>KAeH 
npMMepaMM. 

npMMBp 1. npOBOAMnMCb M3MepeHMfl 

TeMnepaTypbi m Tennosoro noTOKa HaA 
SO noBepxHocTHofi bbhom ro/ioBbi v.jugularis 
externa m c McnonbsoBaHMeM ctJyHKHMOHanbHoro 
anropMTMa Bbmwcnwiacb KOHi^eHTpanMH 
rnK5K03bi b KpOBM y oonbHoro A. riapanneribHo 
npOBOAMnMCb M3MepeHM« KOHL;eHTpai4MM 
r/7K3K03bi kdobm y 3Toro 6onbHoro Ana6eTOM 
55 MHBa3MBHbiM npM6opoM ONE TOUCH. B Ha^ane 
ceanca M3MepeHMv) McnbiTyeMbtfi noo6eAan. 
Pe3ynbTaTbi M3MepeHMM m pacneTa npMBeAeHbi b 
TaSnMi^e 1. 

nonyneHHoe B peMq 
onepemeHMfl x paBHRnocb 10 MMHjrraM. M3 
cpaBHeHMfl pe3ynbTaTOB M3MepeHMM 
KOHueHTpai^MM rnioK03bi kpobm, onpeABneHHbix 

npeAnO)KeHHblM CnOCOOOM M MHBa3MBHblM 

MeTOAOM, bmaho, mto ohm OTHMHaiOTCj? He 6onee 
MeM Ha 10%. 

npMMep 2. npOBOAMnMCb M3MepeHMf! 

TeMnepaTypbi m TennoBoro noTOKa Hafl 


nosepxHOCTHoii B6H0M . ronoBbi v.jugularis 
externa m c Mcnonb30BaHneM (fryHKijMOHanbHoro 
anropnTMa Bbwuc^anacb KOHueHTpa hm 
rn»OK03bi b xpOBM y nai^eHTa 5. He dpaflaiomero 
Ana6eTOM. riapannenbHO npOBOAMnMCb 

M3MepeHM« KOHUeHTpaUMM rJ!K)K03bl KpOBM y 

3Toro nauweHTa MHBa3MBHbiM npn6opoM ONE 
TOUCH. B HaMane ceaHca MSMepeHMfi 
McnbrryeMbifl Bbjnun CTaicaH cnaflKoro na*. 
Pe3ynbTaTbt M3MepeHMM* m pacMeTa npMBeAeHbi b 
Ta6nMue 2. 

BpeMR onepeweHwa t paBHRnocb 14 
MMHyraM. M3 cpaBHeHMfl pe3ynbTaTOB 

H3M6pOHHrt KOHUeHTpaLJMM mK)K03bl KpOBM, 

onpeAeneHHbix npeAnoweHHbiM MeTpflOM m 

HHBa3MBHblM MGTOAOM, BMAHO, HTO OHM 
OTHMMaWTCJI HB OOnee MeM Ha 10%. 

riojiyHeHHbie hsmm 3KcnepMMeHTanbHbte 
AaHHbie no3Bo/iMJiM npeAnowMTb cnoco6 
ynpewAajomeii cMmanM3ai4MM 06 onacHbix 
cocTOflHMnx rnK>K03Horo o6MeHa, 
n pM hljm riManbHO 0TnMHaK>mM8cfl ot MseecTHbix 
no noKajiM3aL^MM son M3MepeHM« 14 anropMTMy 
nepecneTa M3MepeHHbtx TeMnepaTypbi . m 
TeanoBoro noTOKa b KOHueHTpau,Mio rni0K03bi b 

KpOBM, TO KOHCTpyiO^MM VCTpOMCTBa M 

AOcmraeMOMy pe3ynbTaiy. 

Ha cjttir. 2 npeACTaBneHa cxeMa ycTpoiicTBa 
Ann peanM3aL^MM npeAnaraeMoro cnocooa. 

YCTDOMCTBO COABpWMT npy>KMHHblM* 

HaronoBHMK 1 , AaTHMK TeMnepaTypbi m TennoBoro 
noTOKa 2 Ha ocHOBe anMa3Hbix TepMMCTOpOB 
TA-1 c TennoBofl M3onflu,Mefl M3 anacTMMHoro 
MaTepMana neHono/iMypeTaHa Ha ynpyroM 
sneMeHre 3, KOMnbiOTepHbiM MOAynb 4 
M3M8pMTenbHoro ycTpOMCTBa Ha 6a3e Hoy7-6yKa 
"CompacT c A^cnneeM 5 m vctdomctbom 
3ByKOBoPi CMmanM3ai4MM 6. 

ripy>KMHHWM HaronOBHMK 1 $MKCMpyeT flaTMMK 

2 HaA noBepxHOCTbto BeHbi ronoBbi, HanpMMep 
v.jugularis externa, KOTOpbifi npMWMMaeTCfl M 
4)MKCMpyeTcn c tohhoctwo 0,5-2,5 mm ynpyrwM 
arieMGHTOM 3. flaTMMK M3MepneT TeMnepaTypy M 
TennoBOM noTOK m nepeAaeT pe3ynbTaTbi 

M3M6peHMM B KOMnbKDTepHbIM MOAynb 4, KOTOpblM 

4>opMMpyeT pe3ynbTaTb» M3MepeHM& KaK 
4>yHKU,MM BpeMeHM, perncTpMpyeT mx b naMflTM m 
npeo6pa3yeT mx b 3HaneHM* TeKymefi m 
nporH03MpyeMOM KOHi|eHTpai4MM rnioKosbi kpobm, 
a TaioKe onpeAenaeT BpeMH onepeweHMfl x, 
nocpeACTBOM Mcnonb30BaHMn 4>yHKL(MOHanbHoro 
anropMTMa m Ha ochobo pesynbTaTOB 
npeABapMTenbHov^ KanM6poBKM, oTpaMcaei 
AaHHbie Ha AMcnnee 5 m cjDopMMpyeT 3ByKOBOM 
ynpe>KAaioi4MM TOHanbHbiM" CMman 06 onacHbix 
coctohhmhx rn»OK03Horo o6MeHa c noMou^bio 
MOAynn 3ByxoBoft cMmanM3ai^MM 6. TennoBan 
monauyw ms anacTMMHoro MaTepMana 3amMinaer 

A3TMMK OT B03AefiCTBMfl BHBUJHeM CpeAbl M 
y Ben MMM BaeT TOHHOCTb M3MepeHMfl. YCTpOMCTBO 

Tpe6yeT nepMOAMMecKofi (1-2 pa3a b neAenro) 

Ol4eHKM M npM Heo6XOAMMOCTM KOppeKTMDOBKM 

Kann6poBKM nepcoHanbHO Ana KOHKpeTHoro 
nau^eHTa, b pe3ynbTaTe Hero onpeAenRioT 
3MnMpMMecKMe nonpaBOHHbie ko3<£k£>m 14M bhtw , 
KOTopwe BBOAflTcn b KOMnbKJTepHbiM MOAynb 4 M 
vtomhwot HacTpoMKy ycTpoMCTBa ynpe»AaK>u4eft 
cnmanM3ai4MM Ha Tpe6yeMbie vdobhm ee 
cpa6aTbiBaHM«, cooTBeTCTByioiuMe, HanpMMep, 

3HaMeHMHM KOHl^eHTpai^MM mK>K03bl B KpOBM 4 

MMonb/n (hmjkhmm ypOBeHb) m 8 MMonb/n 
(sepXHMi^ ypOBeHb). Ou,eHKy KanM6poBKM 
npoBOA^T nyTeM M3MepeHM« KOHi^eHTpai^MM 
rnK>K03W B kdobm naMMeHTa KaKMM-nM6o 

MHBa3HBHblM mtOKOMeTDOM Mepe3 BpeMH OT 


MOMeHTa cpa6aTWBaHM« cMrHanMsaqMM, paBHoe 
onpeAeneHHOMy npM nepBOHaManbHOM 
KanM6poBKe BpeMeHM ynpe>KAeHMfl x, 
caoMCTseHHOMy opraHM3My 3Toro nai^MeHTa, m 
cpaBHeHMfl noKa3aHHoro Ha AMcnnee ycTpoMCTBa 

3HaMeHMfl KOHl^eHTpai^MM rnK)K03bl B KpOBM C 

noK33BHM6M MHBa3MBHoro rniOKOMeTpa. 

KODpeKTMpOBKy KanM6pOBKM M HaCTpOMKM 

CMmanM3aL^MM npoM3BpAflT b tom cnyMae, KorAa 
pasnMMMe noKa3aHMM ycrpoftcrBa m MHBa3MBHoro 

10 rniOKOMeTpa npeBbiCMT AonycrMMyjo BenMMMHy, 
HanpMMep 1 MMonb/n. 

B KanecTBe M3MepMTenbHoro aneMenra 
TBMnepaTypw m TennoBoro noTOKa b ycTpoftcTBe, 
pea/iM3yiou4eM npeAnaraeMbtM cnoco6, mokgt 
6brrb npMMeHBH Z-TepMMCTOp, KOTopbiA b 

15 OTnMMMe ot NTC-TepMMCTopa o6naAaeT 6onee 
BblCOKOft MyBCTBMTBnbHOCTbtO m cnoco6HOCTWo 

C^MKCai^MM H6KOTODOM 3apaHe© Bbl6paHHOM 

TeMnepaTypbi pe3KMM MSMeHeHMeM cbomx 
napaMeTpoB, hto AaeT BO3M0)KHOCTb nonyHMTb 

MH$OpMaL4MK> O AOCTM)KeHMM KOH L(6 HTpaUjM e V\ 

2° rntoKosbi b KpOBM onpeAeneHHoro 3apaHee 
BbtCTaBnneMoro noporoBoro ypoBHP, 3a 
npeAenaMM kotodoto HacTynaeT yrpo3a 
3AopoBbK) AaHHoro nai^Mema. npMMeHeHMe 
Z-TepMMCTopa ooecneMMBaeT Taiwe 
B03Mo>KHocTb HenocpeACTBeHHoro 
npeo6pa30BaHMn M3MeHeHMq TeMnepaTypbi b 

M3M6HeHMn HaCTOTbl M aMnnMTyAbl BbDCOAHOrO 

HanpaweHMfl (B.fl. 3otob. Z-TepMMCTopbi, CHIP 
News. T. 1(34), c. 37, 1999). 3to 
cyu4ecTBBHHO ynpou^aeT aneiapoHHyio cxeMy m 

3 q n03B0n«eT 3HaMMTenbHO CHM3MTb CTOMMOCTb 

HOCMMoro naUjMenroM ycTpoMCTBa. B HaM6onee 
npocTOM m AaujeBOM BapMaHTe B03MO)KHa 
BbiAasa MH4»pMa4MM O AOCTMWeHMM pasnMMHbix 
ypoBHen KOHi^eHTpaMMM rnK>K03bi c noMombK) 

3ByKOBbDC CMmanOB pa3J1MMHOM MaCTOTbl. 

35 HanpMMep, npM AOCTM>KeHMM KOHt_|eHTpau,neM 
rnioK03bi kdobm BepxHero AonycTMMoro npeAena 

ee 3H3MeHMM BWAaeTCq BblCOKOMaCTOTHbIM 

3ByKOBOM cMman, a npM aoctm^ohmm HM>KHero 
npeAena - HM3KOMacTOTHbi^ 3ByKOBOM cm man. 
3to cymecTBeHHO ynpou^aeT KOHCTpyio^Mio 
40 ycTpoiicTBa m flaeT B03MO)KHOCTb nau,M6HTy 
nonywaTb TeKymyK) ynpe>KAaK)ix^K> MHcf)opMai4MK) 

O AOCTM)KeHMM KOHU^eHTpai^MeM rnK5K03bt KpOBM 
Toro MnM MHoro 4>MKCMpOBaHHOrO ypOBHW c 

uenbio npMHATMH Mep n/i« era MSMeHeHMfl. 

npMMeHeHMe b ycTpoMCTBe Z-TepMMCTopa 
no3BonneT c noMoiAbK? npocTeMiueM cxeMbi 
peanM30BaTb era pa6oTy b 

MacTOTHo-aMnriMTyAHOM pe)KMMe, to ecTb c 
M3MeH6HMeM TeMnepaTypbi m Ten/iosoro noTOKa 
nponopi^MOHanbHO M3MeHnioTC« MacTOTa m 

5Q aMnxiMTyAa aneiapMMecKMX MMnynbcoB. 
MyBCTBMTenbHocTb AaTMMKa npM stom 
cymecTBeHHO Bbiiue no cpaBHeHMio c A3tmmkom, 
Mcnonb3yK)i4MM NTC-TepMMCTop. Pa6oTa b 
aMn/iMTyAHO-sacTOTHOM pe)KMMe no3BonneT 
Mcnonb30BaTb ycwnMTenb nepeMeHHoro TOKa, hto 

55 AaeT BosMOJKHocrb AocTMrnyTb nynujero 
cooTHOujeHMn cMman/ujyM n noBbicMTb 
CTaSMnbHOCTb paooTbi ycrpOMCTBa, a TaioKe 
ynpomaeT Mmep<t>eMC nepeAaMM AaHHbix b 
KOMnbK)TepHbiR MOAynb y CTpoMCTBa . 

npM nposeAeHMM coBpeMeHHOM mhtohcmbhom 

60 MHcynMHOTepanMM 6onbHoro caxapHbiM 
AMa6eTOM npMMeHeHMe npeAnaraeMoro cnoco6a 
m ynoMflHVToro ycTpoMCTBa b coneTaHMM c 
M3Jio>KeHHOM MeTOAMKOM nepcoHanbHOM 

KanM6poBKM, ee Ol^eHKM M KOppeKTMpOBKM 

no3BonMT ocymecTBnqTb HenpepbiBHoe 
cneweHMe 3a cocTonHMBM rnK)K03Horo o6MeHa b 


opraHM3Me 6o/ibHoro caxapHWM flna6eTOM, c 
ynpe>KAeHneM no BpeKieHU cnmann3npoBaTb 06 
onacHbix OTKnoHeHMHX ero ot HopMbi, coKpaTMTb 
KOJiiiMecTBo 3a6opoa KDOBM Ann aHanM3a K 
pacxoA floporocTO«i4Mx TecT-nonocoK k 
mwKOMeTpaM oo/iee mgm b 10 pa3 no cpaBHeHMK) 
c ncnonb30BaHneM A"fl Henew mhtbhcmbho* 

HHCynMHOTepanMM 06b»MHblX MHBa3MBHblX 

mK)KOMeTpoB» Koroa naijMeHT flo/weH 
eweAHeBHo npoBOAMTb 5-7 saoopoB kdobm ms 
nanbi^a c Mcnonb30BaHMeM TecT-nonocoK. 

Hcnonb30BaHno peannsywu^ero 3aHBneHHbitf 
cnocoo" ycTpoMCTBa no3BonnT ocyo^ecTBHTb 

HenpepblBHbIM HeMHBa3MBHblM" MOHMTOpMHr 

coctoahmh rnK>K03Horo o6MBHa 6onbHoro 
caxapHWM AwaoeTOM, ynpewAaramyio 
ci4manii3aMMio 06 onacHbix cocTOfmiiax 3Toro 
o6ivieHa npn npocTOTe KOHCTpyKLjMM ycTDOMCTBa, 

HM3KO* CTOMMOCTM BTO npOM3BOflCTBa M 

OKcnnyaTaLpiM, hocmmom naqweHTOM McnonneHMM 

M BblCOKMX TeXHMKO-3KCnnyaTaqHOHHblX 

ceoficTBax raKoro ycTpoficTBa. 

^opiwyna H3o6peTeHna: 

1. Cnoco6 HeMHBa3MBHoro onpeAeneHMfl 
KOHi^eHTpaqMM mioKoabi b kdobm, BK/iKwaiOLUMM 
ncnonb30BaHne M3MepMTe/ibHoro ycTpoMCTBa, 

OT/l M Ma K)LL|M M C9 TeM, MTO nDOBOAflT 

HenpepbiBHbi« mohmtopmhx koHLieHTpai^n 


10 


15 


20 


25 


30 


mK3K03bi b kdobh nyTeM i43MepeHMfl b o6nacTM 
noBepxHocTHbix BeH ronoBbi TeMnepaiypw Tena 

M KOHAyKTMBHWX TennOBblX nOTOKOB C nOMOUJbK) 

AaiMwcoB M3MepmenbHoro ycTpoficTBa, a 
KomjeHTpai^K) mfOKosbi (Xg*) onpeAenwioT no 
4>o P Myne Xg = X,*-^*, r A e X^= W Tn (s)X T \ 
X2*- K n W Tn (s)X n *, rAe X T * - 6e3pa3MepHoe 
otkjtohbhh© TeMnepaTypw ot ycraHOBMBweroca 
3HaMeHMn, X n * - 6©3pa3MepHoo otkjiohbhmb 
TennoBoro noTOKa ot ycTaHOBMBiaeroca 
SHaweHHfl, W Tn (s)= 1/(T Tn s+1) - nepeAaTOMHaa 

(ftyHKLJMH KOHHeHTpai_|HM mK>K03b» B KDOBM no 

TeivinepaType m TennoBOMy noTOKy, T Tn - 
SKcnepMMBHTanbHo onpeAenweMan nocTOHHHaa 
BpeMeHM nepexoAHoro npouecca, Kn - 
3Kcn©pMMeHTanbH0 onpeAenHSMwA 

6e3pa3MepHblM K03<J>4)MLJMeHT, s= d/dt - 

onepaTop AMcJxpepeHiiMpoBaHMfl. 

2. Cnocoo* no n. 1, oTjiMMaioinM&cfl TeM, mto 
b KanecTBe astsmkob TewnepaTypbi Mcnonb3yfOT 

2-TepMMCTOpbf, KOTOpbie C^MKCMpy>OT Ha 

noBepxHocTM ronoBbi c noMoujbK) ynpyroro 
anewieHTa m M3onMpy»oT ot BHeiuHeii cpeAW 
TennoBOM M3on«i4kte«. 

3. Cnoco6 no nn. 1 m 2, OTnwHaKHUMMCfl tbm, 
mto CMmanM3ai^Mio 0 KOHLieHTpai^MM rnK)K03bi 
ocymecTBnHfOT c noMoinbra TOHanbHoro cwmana 
w AMcnne*. 
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T- TeMnepaTypa 

G - KOHUeHTpaHRJI niIOK03M B KpOBH 

M - MeTa6onH3M b kjictohhux oSteMax ronoBHoro M03ra 

t - BpeMeHHoe CMemeHHe npn nepexo/mBix npoueccax 

Ut - cHrHan ynpaBJieHHH TepMoperynnpoBaHHeM 

U y - cnrHan ynpaBjieHHK rmoK03Hi>iM o6mchom 
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medicine. SUBSTANCE: method involves determining blood 
glucose concentration by means of measuring instrument. 
Continuous blood glucose concentration monitoring is carried out by 
measuring heat flows in the area of head superficial veins by means 
of measuring instrument transducer. Glucose concentration ((X*g)) 
is calculated from a formula X*g = X*1+X*2, where X*1 = WThf(s) 
X*T, X*2 = KhfWThf(s)X*hf„ where X*T - the dimensionless 
temperature from steady state value, X*hf - the dimensionless heat 
flow deviation from steady state value, WThf(s) = 1/(TThf x S+1) is 
the transition function of blood glucose concentration with respect to 
temperature and heat flow, TThf is the experimentally stated 
transient process time constant Khf is the experimentally stated 
dimensionless coefficient, s = d/dt is the differentiation operator. Z- 
thermistors are used as temperature pickups pressed against head 
surface by means of elastic member and insulated from ambient 
space by means of heat insulation members. Glucose concentration 
information is represented by means of tonal signal and display unit. 
EFFECT: enhanced accuracy of measurements. 3 cl, 2 dwg, 2 tbl 
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